Session on global issues
Chair: Claire Granier
Ø Covid-19 lockdowns impacts on the global CO2 budget (P. Ciais)
Ø Use of unconventional activity data to quantify the impact of Covid lockdowns
on traffic emissions (T. Oda)
Ø The CovidMIP Model Intercomparison Project (R. Lamboll)
Ø Covid-19 adjustment factors for global emissions of pollutants and greenhouse gases
(T. Doumbia / B. Gaubert)
Ø Implementation of the impact of Covid-19 lockdowns in the CEDS emissions dataset (S. Smith)

Session on global issues
Chair: Claire Granier
Ø Covid-19 lockdowns impacts on the global CO2 budget (P. Ciais)
Ø Use of unconventional activity data to quantify the impact of Covid lockdowns
on traffic emissions (T. Oda)
Ø The CovidMIP Model Intercomparison Project (R. Lamboll)
Ø Covid-19 adjustment factors for global emissions of pollutants and greenhouse gases
(T. Doumbia / B. Gaubert)
Ø Implementation of the impact of Covid-19 lockdowns in the CEDS emissions dataset (S. Smith)
Note: The AMIGO (Analysis of eMIssions usinG Observations) has developed
a database of papers on studies of air quality and Covid-19 lockdowns
https://amigo.aeronomie.be/index.php/covid-19-publications
If you want us to add your publications to the database, send me an email:
Claire.granier@aero.obs-mip.fr

Covid-19 lockdowns impacts on the global CO2 budget
Philippe Ciais
Laboratoire du Climat et des Sciences de l’Environnement
Saint-Aubin, France

Real-time monitoring of CO2 emissions

Z. Liu, Z. Deng, S. J. Davis, X. Dou, Y. Wang, G. Janssens-Maenhout
F. Yan, D Huo, B. Zheng, B. Zhu, H.Wang, Q. Zhang, P. Gentine and P.
Ciais

https://carbonmonitor.org
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Lockdowns begin (Wuhan, China)

January 23,
2020
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Global
Anthropogenic
Carbon
Emissions:
We collected
daily or hourly activity
data related
to CO
emissions in different sectors in each world region

A coupled Human System
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And built an operational system to estimate near-real-time
daily fossil fuel & cement CO2 Emissions

Location

Quantification

Dynamics
Spatio-temporal variation

Example : Power generation: hourly/sub-hourly data
for 31 countries (here, Europe)
ENTSO-E Data

Python
15 million data records
(about 24,000 per day)

Preprocessing
module

Missing and outlier
handling

Analysis
module

Automatic handler

Emission =
Activity data ×emission
factor
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Near real time sub-national emissions using
more precise regional data

Update of emissions until Aug 31st 2021
All data publicly available

+4.7% increase from 2020
-1 % below 2019
Very close to independent IEA
projections based on fuel data

Davis et al. 2021 under review
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Dynamical downscaling in collaboration with EDGAR team
=> 10 km daily global emission maps

-> Extended to CO, NO2
emissions from the combustion
of fossil fuels
Used for OH simulation in 2020

Dou et al. in press

https://arxiv.org/abs/2107.08586
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Publications

Improvements

A paper that described the initial results in (Nature Communications) that’s already been cited >200 times by other papers:
https://www.nature.com/articles/s41467-020-18922-7
A related paper that lays out the methods in greater detail (Scientific Data):
https://www.nature.com/articles/s41597-020-00708-7.pdf
Papers that have used our estimates in conjunction with satellite observations of emissions:
https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2020GL090244
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7821878/pdf/abd4998.pdf
IN press in Science Advances in collaboration with NASA scientists

Regular evaluation against
independent energy or fuel
data published by some
countries 4 to 12 months
after our estimations
For US : used EIA data

And papers by the Global Carbon Project about the latest trends in country-level and global emissions:
https://essd.copernicus.org/articles/12/3269/2020/
https://www.nature.com/articles/s41558-021-01001-0

Daily change of electricity C
intensity

A number of other papers are now in review, with preprints available.
-A paper with EU JRC's EDGAR team that includes spatially-gridded estimates of daily emissions: https://arxiv.org/abs/2107.08586
-A paper on changes in road transportation during successive COVID waves: https://arxiv.org/abs/2101.06450
-A paper with U.S. state-level estimates and analysis: https://eartharxiv.org/repository/view/2233/
-A paper on residential emissions in Europe: https://www.essoar.org/doi/10.1002/essoar.10507326.1

Cement and steel – 2000 of
plants monitored daily for
heat activity

In major media coverage, our data was the basis for two features in the leading scientific journal Nature in 2020:
https://www.nature.com/articles/d41586-020-01497-0
https://www.nature.com/articles/d41586-021-00090-3
And data has been used in articles in outlets and prominent blogs like the
NYTimes (https://www.nytimes.com/2021/03/08/travel/tourism-2020-coronavirus.html), Le Monde
(https://www.youtube.com/watch?v=mfrbLNBpanE),
CNN (https://www.cnn.com/2021/05/21/economy/china-co2-emissions-construction-intl-hnk/index.html),
the BBC (https://www.bbc.com/future/article/20210312-covid-19-paused-climate-emissions-but-theyre-rising-again),
Politico (https://subscriber.politicopro.com/article/eenews/1063733961),
Bloomberg (https://www.bloomberg.com/news/articles/2021-02-03/china-s-covid-comeback-is-bad-news-for-climate-as-emissions-rise),
Forbes (https://www.forbeschina.com/investment/56300),
Time Magazine (https://time.com/6048871/pandemic-airlines-carbon-emissions/),
Carbon Brief (https://www.carbonbrief.org/analysis-chinas-carbon-emissions-grow-at-fastest-rate-for-more-than-adecade and https://www.carbonbrief.org/analysis-uk-is-now-halfway-to-meeting-its-net-zero-emissions-target),
MIT Tech Review (https://www.technologyreview.com/2021/07/27/1030134/west-coast-wildfires-wiped-out-pandemic-emissions-cutsclimate-change/)
Our data will also be included in figures in the IPCC’s forthcoming AR6, and the “United in Science 2021" report that will be published by
the World Meteorological Organization in the next few weeks.

Cell phone geolocation data &
traffic / emissions models for
ground transportation
emissions
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Use of unconvenFonal acFvity data to quanFfy the impact of Covid
lockdowns on traﬃc emissions
Tomohiro (Tom) Oda
UniversiFes Space Research AssociaFon, Columbia, MD, USA

Evaluating the performance of non-fuel unconventional activity data
for estimating fossil fuel CO2 emissions during the COVID-19 pandemic
T. Oda1,2,3, J. Gensheimer 4, C. Haga3, K. Hosomi3, T. Matsui3, R. Bun5,6, A.J. Turner7,8, A. Shekhar9, A. Wenzel4, F. N. Keutsch10, & J. Chen4
1 The Earth from Space Institute (EfSI), Universities Space Research Association, USA
2 Department of Atmospheric and Oceanic Science, University of Maryland, USA
3 Graduate School of Engineering, Osaka University, Japan
4 Environmental Sensing and Modeling, Technical University of Munich (TUM), Germany
5 Lviv Polytechnic National University, Ukraine
6 WSB University, Poland
7 Department of Atmospheric Sciences, University of Washington, USA
8 Jet Propulsion Laboratory, California Institute of Technology, USA
9 Department of Environmental Systems Science, ETH Zurich, Switzerland
10 School of Engineering and Applied Sciences and Department of Chemistry and Chemical Biology, Harvard University, USA

Summary
• Examined the performance of non-fuel unconventional activity data (UAD) for estimating fossil fuel CO2 emissions (FFCO2)
•

Compared well-publicized near-real time (NRT) FFCO2 estimates to independent estimates/data at diﬀerent policy relevant scales
(country and city levels)

• UAD-based traﬃc estimates could be biased by -19.6% - 12.6% during the 2020 emission reduction peak period in Japan (Apr-Mar)
•

The UAD performance as a proxy for traﬃc data significantly varies over diﬀerent cities. The diﬀerences between UAD and traﬃc
data could be more than 60%.

•

Further, error and uncertainty assessments should allow us to shed light on the potential limitations of UAD, and potentially come up
with better UAD usage for providing more accurate emission estimates.

See more details in Oda et al. 2021 ERL and Gensheimer et al. 2021 JGR-Atmos

Timeliness vs. Accuracy/uncertainty
Near-real time emission estimates

E = Reference Emission x Activity level changes

FFCO2 estimates are conventionally obtained using fuel data…
FFCO2 = Fuel_amount X EF (1)
We also do…
FFCO2 = FFCO2_year-1 X Fuel_amount_change (2)
Caution: Don’t forget to consider your system boundary!
Le Quere et al. 2020; Liu et al. 2020; Forster et al. 2020

Errors/uncertainties in UAD-based estimates - Traffic emissions in Japan
Errors defined as diﬀerences from fuel-based estimates (blue)
2020

Proxy errors defined as diﬀerences from traﬃc data
2019
Errors due to the use of traﬃc data proxy

2020 emission reduction

Proxy errors for CM approach

Error estimates for UAD approaches

Note: The IPCC guidelines highlights QA/QC uncertainty assessments in their good practice guidance
Oda et al. (2021) doi.org/10.1088/1748-9326/ac109d

Can we use the mobility/traffic data for modeling urban emissions?
Activity/traﬃc change time series

Average activity changes

Proxy data errors

Limiting the spatial domains do not seem to be enough to
improve the UAD performance.
See more in Gensheimer et al. (2021) doi.org/10.1029/2021JD034664

The CovidMIP Model Intercomparison Project
Robin Lamboll
Imperial College, London, UK

CovidMIP: Real-time emissions
tracking for updating emissions
scenarios to include lockdown
Dr Robin Lamboll

Does the COVID emissions drop matter?
•
•
•

Authoritative country-level emissions typically lag 2 years behind real results
Gridded data often 5+ years delayed
Want a crude estimate of the difference COVID19 recovery makes for climate
change in time for AR6

SO:
• Get rough estimate of gridded data/GHG concs
• Relate it to existing scenarios to save spinup time/give comparison
• Run through many climate models
• See what changes
• Establish if pre-COVID climate projections are still relevant

[1] Current and future global climate impacts resulting from COVID-19, Forster et al. 2020

Use (high) mobility estimates for near-real time data

Data available by
country and sector

[1] Current and future global climate impacts resulting from COVID-19, Forster et al. 2020

Long-term impact of recovery packages
Þ Estimate how government recovery investment may affect Kyoto gas totals
Þ Find globally consistent long-term emission pathways by comparing to Kyoto
total to SSP scenario families, using infilling tools in the Silicone package [1]

Most long-term global emissions factors
obtained comparing Kyoto emissions to
SSP2 MESSAGE-GLOBIOM scenarios

Infill lowest pathway
using SSP1 IMAGE
scenarios instead

[1] Silicone v1.0.0: an open-source Python package for inferring missing emissions data for climate change research,
Lamboll et al. 2020

Make gridded emissions for climate simulators
Þ Apply modifying factors to SSP2-4.5 scenario (closest trajectory to recent
emissions total and NDCs)
Þ Output: emissions grids (shown for April 2020)

BC

NMVOC

CO

NOx

[1] Modifying emission scenario projections to account for the effects of COVID-19: protocol for CovidMIP, Lamboll et al 2021

Short-term results
Limited and short-term
impacts assuming emissions
back to baseline by 2023
Aerosols temporarily
reduced, some short-term
increase in radiation, no
detectable temperature or
precipitation effects

[1] The Climate Response to Emissions Reductions Due to COVID-19: Initial Results From CovidMIP, Jones et al 2021

Particularly noteworthy
effects on aerosols in
East Asia

Short-term results in South and Eastern Asia
However no solid evidence
that South and East Asia
have average weather
patterns change in the long
run

[1] The Climate Response to Emissions Reductions Due to COVID-19: Initial Results From CovidMIP, Jones et al 2021

Conclusions
•
•
•
•

Short-term impacts of lockdown emissions change only detectable on immediate aerosol levels
No evidence of significant long-term impact from the lockdown
Further work needed on impacts of long-term investment changes from lockdown, though unlikely that
we will see large temperature trends from this
Pre-COVID climate projections still largely correct and applicable

Data available at daily/weekly/monthly intervals for groups wanting to participate in the MIP:
Þ Monthly is usually used for climate models: https://www.zenodo.org/record/4603979
Þ This data is used to enable a model intercomparison project, initial results already available (showing
no clear short-term temperature signal):
Þ Weekly data also available for more focused projects

Covid-19 adjustment factors for global emissions
of pollutants and greenhouse gases
Thierno Doumbia, Laboratoire d’Aérologie, Toulouse, France
Benjamin Gaubert, National Center for Atmospheric Research,
Boulder, CO, USA

CONFORM dataset (COvid adjustmeNt Factors fOR eMissions)
Estimation of non-gridded adjustment factor (AF) :

Ø AF = ratio between activity data for a given country, sector and time and a Reference value
Ø Reference (Pre-COVID): median value over the first 3/5 weeks of 2020 or value in 2019
Versions 1.1
v AFs from January to August 2020 as
v Daily and gridded 0.1°x0.1°
v Global coverage
v For each species: 7 Sectors
1. road transport
2. industrial
3. power
4. residential
5. public/commercial
6. shipping
7. aviation

Download NetCDF files
and visualize gridded AFs (average,
low & high) on the (ECCAD) database
See Doumbia et al., ESSD for more details

Global simulations of the 2020 COVID-19 lockdowns
Community Atmosphere Model with chemistry (CAM-chem)
v Gas phase chemistry: MOZART-TS1 chemistry
ü Tropospheric and stratospheric (ozone) chemistry
v Aerosol scheme: MAM4 VBS (SOA)
v Daily 2020 fire emissions (QFED 2.5)
v Nudged to 3-hourly 2020 meteorology from MERRA-2
v Baseline emissions CAMS-GLOB-ANT-v4.2-R1.1 (includes
MEIC over China)

Relative change is
surface NOX and O3
concentration with
CONFORM AF v1.1

Global impact of dynamic and meteorology (Bouarar et al., 2021)

What is the role of the dynamic and meteorology of 2020 on the
distribution of ozone anomalies?
Lowest artic stratospheric ozone since
1979
v MLS observations (Manney et al., 2020),
v ozone sondes measurements (Wohltmann et al.,
2020)
v and chemical reanalyses (CAMS, Inness et al.,
2020).

Simula'on name

Dynamic / meteorology

Emission effect

Notes

Control

2020 meteorology

business-as-usual 2020 emissions

reference

COVID-All

2020 meteorology

Lockdown adjusted emissions

emission impacts

Climo

2001-2020 meteorology

2001-2020 emissions

comparison with ozone sondes

Global impact of dynamic and meteorology (Bouarar et al., 2021)
Deep intrusions of stratospheric ozone frequently reach the middle and
even lower troposphere at midlatitudes during winter and spring.

Simulation name

Dynamic / meteorology

Emission effect

Notes

Control

2020 meteorology

business-as-usual 2020 emissions

reference

COVID-All

2020 meteorology

Lockdown adjusted emissions

emission impacts

Climo

2001-2020 meteorology

2001-2020 emissions

comparison with ozone sondes

Global impact of dynamic and meteorology (Bouarar et al., 2021)
a)

b)

c)

d)

Steinbrecht et al., 2021; Bouarar et al., GRL, 2021

Zonally averaged ozone in the free troposphere during Northern Hemisphere spring
and summer of 2020 is found 5 to 15% lower than 19-year climatological values, in
good agreement with observations.

CONFORM Global activity change time series (v1.1 versus v2.1)
The bands represent the esSmated low and
high esSmaSon AF ranges

v1.1 covers months of January to August 2020.
v2.1 is an extension to December
+ update of activity data (Google mobility) and methodology (Power)
+ split of the Residential sector into residential and Public/Commercial sectors.
Percentage change (CONFORM – CAMSv5.2) in NOx emissions

Residential

Public/Commercial

Depending on the inventory
and/or region under
consideration, a combination of
these two sectors is required.

Doumbia et al. (ESSD, 2021,
https://doi.org/10.5194/essd-13-41912021)
Gaubert et al. (JGRA, 2021,
https://doi.org/10.1029/2020JD034213)
Bouarar et al. (GRL, 2021,
https://doi.org/10.1029/2021GL094204)
Stavrakou et al. (Atmosphere, 2021,
https://doi.org/10.3390/atmos12080946)
Liu et al. (Sci. of Tot. Env., 2021,
https://doi.org/10.1016/j.scitotenv.2021.14
7739)

Implementation of the impact of Covid-19 lockdowns in the CEDS
emissions dataset
Steven Smith
Pacific Northwest National Laboratory
and
Joint Global Change Research Institute

Extending CEDS to 2020
The latest CEDS release (v2021_04_21) extends to 2019. Our methodology for extending
to the latest full year makes assumptions that will not be valid for 2020, but can be readily
adapted with some additional information.
To extend CEDS to 2020 within the next few months we would like to collaborate to obtain
the following:
§ 2019 (or earlier) to 2020 trends (or shares) for fuel consumption by major subsectors. We
have 2020 BP estimates for aggregate fuels, but will need to break out trends for:
ü Key sectors: aircraft (globally, domestic + international is fine), road diesel & road petroleum (at least by
major country/ region)
ü Bonus: other end-use sectors and electric power for non IEA countries

§ Monthly distribution of fuel consumption changes relative to “normal”
ü IEA provides monthly electric gen for most major countries. Bonus: info from non-IEA countries
ü Monthly distribution for other key sectors (aircraft, road diesel, road petroleum, etc.)

Data needs to be released publicly, or able to be put into a form that can be.
Ideally, we would like data sources that will be updated into the future.

Contact: ssmith@pnnl.gov
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Thank you for your a,en.on

